Abstract. pre-operative chemoradiotherapy (crt) is an important neoadjuvant therapy for locally advanced rectal cancer. in the present study, we investigated the factors that influence the efficacy of pre-operative CRT in locally advanced rectal cancer. We divided 50 patients with locally advanced rectal carcinoma treated with pre-operative crt into two groups according to the grade of tumor response to pre-operative crt: low-sensitivity group and high-sensitivity group. as candidates for the prediction of sensitivity to preoperative crt, clinicopathological factors and 12 biomarkers, including factors related to tumor growth, cell cycle, apoptosis, tumor stroma and cancer stem cells, were examined immunohistochemically in 48 resected specimens. thirty-one tumors showed high sensitivity and 19 showed low sensitivity to pre-operative crt. the status of stem cell-related factors, CD133 and CD24, was significantly associated respectively with sensitivity to pre-operative crt (p=0.003, p=0.029). in 10 tumors positive for both cd133 and cd24, low sensitivity to crt was found in 9 (90%), whereas in 16 tumors negative for both cd133 and cd24, low sensitivity was found in 3 (19%). Other pathological parameters were not associated with tumor response to pre-operative crt. in conclusion, overexpression of cancer stem cell-related factors, cd133 and cd24, is associated with the sensitivity of locally advanced rectal cancer to pre-operative crt.
Introduction
colorectal cancer is a leading cause of morbidity and mortality in developed countries (1) . in Japan, an increasingly Westernized diet has led to a high incidence of colorectal cancer. patients with rectal cancers are known to have an increased rate of local recurrence and decreased survival time compared to patients with tumors of the colon, a result due primarily to the surgical constraints imposed by the location of the rectum within the pelvis (2) .
pre-operative chemoradiotherapy (crt) is a neoadjuvant therapy for locally advanced rectal cancer that reduces the incidence of local recurrence and improves survival (3) . therefore, crt is widely used in many countries of the world. however, several tumors show a marked response to crt, whereas others do not. Furthermore, several adverse events related to crt, such as enteritis, anorexia, cardiac/ thromboembolic events, radiation dermatitis and hematologic toxicity, were reported to occur at frequencies of 6-43% (4). thus, pre-operative indicators of chemoradiosensitivity are required to avoid unnecessary application of pre-operative crt, yet little is known about potential biological markers that may be associated with response to pre-operative crt.
recently, the discovery of rare subpopulations of cancer stem cells has created a new focus in cancer research. the heterogeneity of tumors can be explained by the concept of cancer stem cells supported by anti-apoptotic signaling. there are a few reports on cancer stem cells related to chemoradiation resistance (5, 6) . therefore, in this study we investigated the factors, including cancer stem cell-related factors, that influence the sensitivity of locally advanced rectal cancer to pre-operative crt using surgical resected specimens to consider tumor heterogeneity.
Materials and methods
Patients. a total of 50 patients with locally advanced rectal carcinoma were treated with pre-operative crt and surgical resection at the department of Surgery i, Oita Immunohistochemistry. a total of 12 biomarkers were chosen as candidate predictive factors for the efficacy of pre-operative crt (7) (8) (9) (10) (11) (12) (13) . these factors included tumor growth-related factors, epidermal growth factor receptor (EgFr) and human epidermal growth factor receptor-2 (hEr2); cell cycle-related factors, p53, p21, Ki-67 and Bcl-1; apoptosis-related factors, Bcl-2 and apoptosis protease-activating factor-1 (apaF-1); tumor stroma-related factors, vascular endothelial growth factor (VEgF) and macrophage migration inhibitory factor (miF); and cancer stem cell (tumor initiating cell)-related factors, cd133 and cd24. postoperative resected specimens were used for immunohistochemistry.
Paraffin-embedded sections of tumor tissue from the resected rectum were cut at a thickness of 4 µm, deparaffinized in xylene and rehydrated. Endogenous peroxidase activity was blocked with 3% hydrogen peroxidase for 10 min. For antigen retrieval, sections were autoclaved at 121˚C in 10 mM citrate buffer, ph 6.0, for 10 min. Sections were then treated with primary antibodies. immunostaining was performed by the avidin-biotin-peroxidase complex technique using a Histofine SAB-PO (Multi) kit (Nichirei Co., Tokyo, Japan) and diaminobenzidine for the visualization of the binding antibodies (14) . the following primary antibodies were used: EgFr (clone EgFr113, 1:100; lab Vision inc., Fremont, ca, uSa) (15); p53 (clone dO-7, 1:50; dakocytomation, glostrup, denmark); p21 (clone Sx118, 1:40; dakocytomation); Ki-67 (clone miB-1, 1:50; dakocytomation); Bcl-1 (clone Sp4; nichirei co.) (16); Bcl-2 (clone 124, 1:40; dakocytomation); apaF-1 (ncl-apaF-1, 1:20; novocastra, newcastle, uK) (17); VEgF (VEgF a-20, 1:100; Santa cruz Biotechnology, Santa cruz, ca, uSa) (18); miF (Fl-115, 1:200; Santa cruz Biotechnology) (13); cd133 (ab19898, 1:200; abcam, tokyo, Japan) (19); and cd24 (clone Sn3b, 1:100; lab Vision inc.) (20) . immunohistochemistry for hEr2 was performed with herceptest (dakocytomation) (21). negative controls were treated identically, omitting the primary antibodies. tumor positivity for a given marker was evaluated using a predetermined cut-off of 10% (the average of the percentage of tumor cells stained in five fields at x100 magnification: ≤10% tumor cell staining, negative; >10%, positive) according to previous studies (7, 8, 22) . For Ki-67 immunoreactivity, staining was considered positive at >60% (23) . Staining was assessed in the nucleus for p53, p21, Ki-67 and Bcl-1, and in the cytoplasm for EgFr, apaF-1, VEgF, miF, cd133 and cd24. immunoreactivity for Bcl-2 and hEr2 expression was assessed in both the cytoplasm and/or the cell membrane. Staining intensity was not evaluated.
Classification of response to pre-operative CRT. tumor response to pre-operative crt was evaluated pathologically on postoperative specimens according to the evaluation of the standard of therapeutic effect provided in the general rules for clinical and pathological Studies on cancer of the colon, rectum and anus edited by the Japanese Society for cancer of the colon and rectum (24) . according to these standards, evaluation of the therapeutic effect was categorized according to five grades: grade 0, absence of regressive changes; grade 1a, regressive change of tumor <1/3; grade 1b, regressive change of tumor <2/3; grade 2, regressive change of tumor >2/3; grade 3, absence of residual tumor cells. We considered grades 0 or 1a to indicate low sensitivity and grades 1b, 2 or 3 to indicate high sensitivity to pre-operative crt (Fig. 1) .
Statistical analysis. For statistical comparisons of patient characteristics between the two groups (low sensitivity and high sensitivity), the chi-square test, the Fisher's exact probability test or the unpaired t-test was used. a value of p<0.05 was considered statistically significant. All analyses were performed with SpSS Software (version 11.0) (SpSS Japan inc., tokyo, Japan).
Results
Patient and tumor characteristics. there were 37 (74%) men and 13 (26%) women included in the study. the median age was 64 years (range 40-83). abdominoperineal resection was performed in 24 (48%) patients and a sphincter-preserving operation was performed in 19 (38%) patients. macroscopic findings showed 82% of the tumors to be circumscribed tumors and, histologically, most (85%) of the tumors were of the well or moderately differentiated type. lymph node metastasis was observed in 12 (24%) patients. Vessel invasion was observed in 25 (50%) patients. On the basis of the classification of responses to pre-operative CRT, 31 tumors showed high sensitivity and 19 tumors showed low sensitivity to pre-operative crt (table i) .
Status of response to CRT according to various clinical parameters. gender, age, macropathology, location, histology, n-category and surgery were not associated with tumor response (table ii) . Of the 10 patients with pt1-2 tumors, 9 showed high sensitivity. the number of pt3-4 tumors showing high sensitivity was nearly equal to those showing low sensitivity (p=0.034). Of the tumors negative for vessel invasion, 21 of 25 showed high sensitivity, whereas 15 of 25 tumors positive for vessel invasion showed low sensitivity (p=0.003).
Response rates according to various pathological parameters.
Factors related to tumor growth, the cell cycle, apoptosis and tumor stroma were not associated with tumor response (table iii) . Only factors related to cancer stem cells (tumorinitiating cells) were associated with tumor response. a significant association was found between the resistance of the tumor to treatment and negative cd133 status (p=0.003), and there was a significant statistical correlation between the resistance of the tumor to treatment and positive cd24 status (p=0.029). in the high-sensitivity tumors, 3 tumors that had complete pathologic tumor regression were excluded from the pathological study (histology and t-category in tables i and ii) and immunohistochemical analysis since the resected specimens did not contain cancer cells (Fig. 2) .
Response rates based on combinations of CD133 and CD24.
When both cd133 and cd24 were positive, 9 of 10 (90%) tumors showed low sensitivity, whereas when both cd133 and cd24 were negative, 3 of 16 (19%) tumors showed low sensitivity (table iV) . co-overexpression of cd133 and cd24 was associated with low sensitivity (cd133 + and cd24 + vs. others, p=0.001). negative expression of both cd133 and Discussion the present study demonstrated that co-overexpression of cancer stem cell-related factors, cd133 and cd24, was significantly associated with locally advanced rectal cancer exhibiting low sensitivity to pre-operative crt. this result suggests that these two biomarkers may influence sensitivity to pre-operative crt. in this study, we used resected specimens from patients who had been treated with pre-operative crt. For identifying factors which predict the efficacy of CRT before treatment, the use of pre-treatment biopsy specimens is advisable. however, there is heterogeneity in the tumor (5) . therefore, biopsy specimens were not used, and resected specimens were used to investigate the entire tumor specimen.
For the evaluation of cd133 and cd24 expression, immunostaining was classified using the 10% cut-off scoring system. although one report set the cut-off value to 50%, we adopted the standard system as it has been widely used in many studies. Expression of cd133 and cd24 was distributed evenly within the resected tumors. in the localization of staining, membranous expression of cd24 without cytoplasmic positivity was detected, but we did not include it as being indicative of positive expression.
the concept of cancer stem cells which has been proposed in the field of blood cancer (25) has been adjusted to address solid tumors, such as those of colorectal cancer (26) . the fundamental cancer stem cell concept assumes that cancer cells exhibit a hierarchy, as do normal cells, and that a small fraction of cancer cells are maintained as 'cancer stem cells', which have the ability of self-renewal and differentiation (27) . cancer stem cells have recently been proposed to be the cancer-initiating cells that are responsible for tumorigenesis and for contributing to drug resistance in cancer (28) . although a comparatively large number of studies have been reported concerning cancer stem cells and resistance to either chemotherapy or radiotherapy in various cancers, there are few studies available concerning cancer stem cells and resistance to crt (5). a three tumors were excluded from pathologic study due to complete pathologic tumor regression. apr, abdominoperineal resection (including total pelvic exenteration); lap., laparoscopic; lar, low anterior resection (including sphincter-preserving operation).
cd133 and cd24 have been reported as cancer stem cell markers of colorectal cancer in previous studies (26, 29, 30) . cd133 is a 5-transmembrane glycoprotein of 865 amino acids with a total molecular weight of 120 kda. cd133 antigen expression has been found in such various undifferentiated cells as hematopoietic stem cells (31) and fetal brain stem cells (32) . in cancer cells, cd133 has been found to be expressed on cancer stem or tumor-initiating cells in cancers, such as leukemia (33), brain tumors (34) and colorectal cancer. cd24 consists of a small protein core comprising 27 amino acids, which is extensively glycosylated and is bound to the cell membrane via a phosphatidylinositol anchor (35) . Several reports have shown that cd24 is expressed in several solid tumors, such as those of small-cell lung cancer and neuroblastoma (36, 37) , but not in those of colorectal cancer.
recently, positive clinical studies on the effectiveness of pre-operative crt on locally advanced rectal cancer have been reported (38). however, pre-operative crt is not effective in all cases and, actually, cases in which no antineoplastic effect was obtained also exist. Since the treatment period for pre-operative crt is approximately 10 weeks, patients who obtain no response to crt lose valuable time during which they could have been treated more effectively. thus, it is necessary to investigate factors which influence the efficacy of pre-operative crt.
the results of the present study suggest that the presence of CD133 and CD24 expression is associated with the efficacy of pre-operative crt. assuming that cd133 and cd24 are predictive factors of the sensitivity to pre-operative crt, patients with both cd133 + and cd24 + are expected to have low sensitivity to crt. So, it may be recommended that such patients undergo surgery without first undergoing CRT. However, since patients with both cd133 -and cd24 -are expected to have high sensitivity to crt, it may be necessary to aggressively treat these patients first with pre-operative CRT.
in conclusion, the present study shows that the overexpression of cancer stem cell-related factors, cd133 and cd24, is associated with the sensitivity of locally advanced rectal cancer to pre-operative crt. Further prospective studies are required to establish a new therapeutic system that appropriately uses pre-operative CRT for the benefit of patients with locally advanced rectal cancer. Our group is presently conducting a prospective study using biopsy specimens from pre-therapeutic tumors (umin003398). this retrospective study provides valuable information for realization of the ongoing prospective study. medical center); dr masahito ikeda, dr Fumiaki Kishihara and dr akio Shiromizu (department of Surgery, nakatsu municipal hospital); dr hisanobu Sakata and dr Kyuzo Fujii (department of Surgery, Oita prefectural hospital); dr takayuki Kamegawa and dr akio morimoto (department of Surgery, nankai hospital); and dr akira matsumoto (department of radiology, Oita university Faculty of medicine) for their invaluable assistance in this study. they also thank nagako Katsuki, mayumi takeda, Emi aono and tomoka Sato for the excellent technical support.
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